Summary. Sexual 
Introduction
Spotted hyaenas are renowned for the fact that the external genitalia of the female closely resemble those of the male. The female spotted hyaena does not represent a case of clitoromegaly or hypospadias, but is completely masculinized, having a peniform clitoris containing the urogenital orifice and fused labiae forming a quadripartite scrotum (Matthews, 1939; Racey & Skinner, 1979) . Matthews (1939) found that masculinization takes place during fetal development, and suggested that androgens secreted by the ovary caused masculinization of the external genitalia. He regarded the abundance of stromal tissue in the adult ovary as indicative of androgen production, thereby implying androgen transfer via the placenta to the fetus. Racey & Skinner (1979) , after finding relatively low levels of androgens in the adult ovary and adrenal, discarded Matthews' (1939) hypothesis and suggested that the fetal ovary and/or adrenal was the source of the high levels of androgens in the female fetus. The purpose of the present report is to examine the hypotheses of Matthews (1939) and Racey & Skinner (1979) .
Materials and Methods

Animals
Fetuses were collected during culling operations in the Kruger National Park from 39 adult females culled, 4 of which were pregnant. Four sets of twin fetuses were available aged 31, 65, 75 and 80 days. Fetal age was estimated following Huggett & Widdas (1951) , using a gestation period of 110 days (Schneider, 1926) and fetal growth velocity of 0-13 (Frazer & Huggett, 1974 
Hormone assays
Testosterone. Estimations were performed on ether extracts of plasma using a highly specific antiserum raised against testosterone-3 carboxymethyl-oxime-bovine serum albumin (Millar & Kewley, 1976) . Cross-reaction with all major naturally occurring steroids was <0-1% except for dihydrotestosterone for which it was 5-1%. The intra-and interassay coefficients of variation were 3-1 and 8-4% respectively. Sensitivity was 5 nmol/1.
Androstenedione. Estimations were performed on hexane-ether (4:1 v/v) extracts of plasma using an antiserum raised against androstenedione-7a-hemisuccinate-bovine serum albumin (Miles Yeda, Kiryat Weizman, Rehovot, Israel). Cross-reaction with all major naturally occurring steroids was < 0-5%. The intra-and interassay coefficients of variation were 3-3 and 6-9% respectively. Sensitivity was 2 nmol/1. (Neaves, Griffin & Wilson, 1980 Fig. 3 ). These cells resembled the interstitial cells associated with the primary and secondary germinal cords of the fetal testis (PL 2, Fig. 4 ) and appear to share a common origin, namely mesodermal (mesenchyme from the gonadal blastema). The medullary region of the fetal ovary shrank in size and became invaded by mesovarian components as gestation progressed, but 'interstitial' cells were still present, although in reduced numbers, in the oldest female fetus examined (84 days).
Gonadal, adrenal and plasma androgens in the fetus
The fetal testis had higher concentrations of testosterone and lower concentrations of androstenedione than did the fetal ovary, but such differences were less distinct at 80 days than at 65 days of gestation (Tables 1 and 2 ). Adrenal concentrations of testosterone and androstenedione were consistently lower than in the gonads, but total content reflected the same differences found between male and female gonads (Table 1) . Plasma concentrations of testosterone and androstenedione followed the same trend as gonadal concentrations (Table 2 ) and were apparently not related to maternal plasma concentrations of testosterone and androstenedione. The two smallest fetuses (31 days) yielded only enough plasma for a testosterone assay, and steroids extracted from tissue removed from the mesonephric region of each fetus were below the minimum limit of assay sensitivity and could therefore not be determined. Plasma testosterone was similar in both fetuses which could be the reason for the external masculinization during the critical stage in differentiation.
Testosterone and androstenedione concentrations in blood from the umbilical vein (placental effluent) were less than in the maternal and fetal circulation at 80 days of gestation (Table 3) . Plasma from the fetal circulation and maternal circulation greatly differed with regard to the PLATE 2 Fig. 3 (Jost, 1955; Neumann, Elger, Steinbeck & Graf, 1975) , apart from occasional hypertrophy of the ovarian medulla, as in androgenized female rabbit fetuses (Jost, 1955; Wilson, Griffin & George, 1980) . Testosterone levels in male fetuses were always higher than in female fetuses. Androgens have been located in extremely low amounts in the plasma of female fetuses of most species examined (Lipsett & Tullner, 1965; Resko, 1970; Veyssiere, Berger, Jean-Faucher, De of androstenedione (Raeside & Middleton, 1979) , as is the fetal adrenal for androgens in pathological conditions (Bierich, 1963) . Apart from the latter case, where masculinized baby girls result from adrenal hyperplasia, androgens in female fetuses were never observed to modify the pattern of differentiation. Modifications of normal sexual differentiation (Jost, 1955; Jost & Picon, 1970) (Jost & Picon, 1970) . It is possible that other steroids might mask androgen receptors during the critical phase, or that androgen levels in female fetuses are simply lower than the threshold for masculinization . Gondos & Hobel (1973) found that interstitial cells appear later in female human fetuses than in males, while the fetal testes of male rabbits secreted testosterone before the fetal ovary secreted hormones . Therefore, masculinization of female spotted hyaena fetuses probably results from androgens acting on the common anläge to establish the male facies in both genders. As in other mammalian species, the source of androgens in the male spotted hyaena fetus is believed to be the fetal gonad, and a similar endogenous origin is proposed for androgens found in the female fetus. No evidence of adrenal hypertrophy or adrenal secretion of androgens could be found over the age range of hyaena fetuses examined in this study, and the androgen content of the fetal adrenal is likely to be the result of perfusion with blood containing androgens from another source. Maternal androgens entering the fetal circulation via the placenta, or placental production of androgens is not supported by our findings, indicating the fetal ovary as a feasible alternative.
We therefore suggest that masculinization of the genital tubercle of female spotted hyaena fetuses results, as in the male, from an episode of androgen secretion by the fetal gonad, but with the difference that the Wolffian ducts of the female fetus do not respond to circulating androgens, due to a lack of sensitivity during the initial phase of differentiation. Matthews' (1939) suggestion that androgens are the cause of masculinization is supported by our findings, but androgens in the female fetal circulation are of fetal origin, as Racey & Skinner (1979) suggested.
